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I N T RO D U C T I O N
The East Kunlun Fault zone, located in the northwestern part of the China, is an E-W to WNW-ESE oriented left-lateral strike-slip fault that extends at least 1600 km (Van Der Woerd et al. 2000 , 2002 along northern boundary of the Tibetan Plateau (Fig. 1) . Strike-slip motion of the East Kunlun Fault zone releases strain energy that is related to the convergence between the Indian and Eurasian plates (e.g. Molnar & Tapponnier 1975) . Extensive field work in the region indicates that this fault zone is one of the largest and most seismically active fault in China.
Geological surveys and records of historical and modern earthquakes show that the Kunlun Fault has experienced at least 8 earthquakes of magnitude M s 6.9-8.1 during 1879 AD to 2000 AD (Wen et al. 2007) . The spatial arrangements of fault ruptures during these earthquakes indicate the existence of two seismic gaps before 2001 on the East Kunlun Fault zone, which include the Kokoxili and Maqin-Maqu gaps. The Kokoxili gap and neighbouring areas have experienced a long-term absence of M s ≥ 5 earthquakes and developed a corresponding background seismic gap at least from 1966 to 2001 (Wen et al. 2007 ). The 2001 M w 7.9 Kokoxili (Kunlun) earthquake recently ruptured the Kokoxili gap. However, the analysis of historical seismic catalogues reveals that the Maqin-Maqu gap near the eastern end of the Kunlun Fault has no records of M s ≥ 6.5 earthquakes for at least last 300 years (Wen et al. 2007 ). Since, several major highly populated areas exist close to this seismic gap (like Maqin and Maqu), an understanding of stress evolution and current stress accumulation on the Maqin-Maqu segment (MMS) is of great importance for assessing seismic hazards in this region.
In general, interaction between earthquakes is suggested to realize in a manner of earthquake triggering by the changes in Coulomb failure stress ( CFS; Stein 2003) , that is positive CFS brings the fault closer to failure and thus encourages earthquake occurrences, while negative CFS retards subsequent events (Stein 1999; Freed 2005) . Based on the earthquake stress triggering theory, numerous studies have successfully explained the triggering of aftershock sequences (Reasenberg & Simpson 1992; King et al. 1994; Toda et al. 1998; Parsons et al. 1999; Karakostas et al. 2004; Ma et al. 2005; Yadav et al. 2011 Yadav et al. , 2012 , time-dependent earthquakes migration Hodgkinson et al. 1996; Nalbant et al. 1998; Heidbach & Ben-Avraham 2007) , and the triggering phenomena of moderate to large earthquakes (Harris et al. 1995; Deng & Sykes 1996; Jaume & Sykes 1996; Papadimitriou & Sykes 2001; Martínez-Díaz et al. 2006) . Thus, the theory of earthquake stress triggering appears to provide us a tool for the assessment of time-dependent earthquake hazards in any seismically active region globally Nalbant et al. 2005) .
After the occurrence of M w 7.9 Wenchuan, China earthquake, many studies (e.g. Parsons et al. 2008; Toda et al. 2008; Shan et al. 2009; Wan & Shen 2010) indicated that the static CFS induced by the Wenchuan earthquake enhanced the level of stress accumulation on the eastern part of the East Kunlun Fault zone. Shan et al. (2009) and Wan & Shen (2010) observed that the maximum increment of CFS on the MMS of the East Kunlun Fault zone was 0.013 MPa, which in their numerical calculations was estimated to be consistent with the regional stress accumulation over 2-14 and 5.5 yr, respectively. The increased stress raised the probability of earthquake occurrences on the MMS segment, and thus also potential seismic hazards. Moreover, Xiong et al. (2010) studied the process of stress transfer on the Kunlun Fault, Tibet, and outlined two main regions with high probability of seismic hazard, including the MMS. The CFS on the MMS was estimated to increase with maximum Coulomb stress (>0.4 MPa) at its western extremity by the coseismic and post-seismic stress changes since 1937 Tuosuo Lake earthquake. Therefore, Xiong et al. (2010) indicated that the western extremity of the East Kunlun Fault zone (i.e. Maqin) may be the most hazardous. In addition to these, other devastating historical earthquakes are reported in the neighbouring areas of MMS, like the 1879 Wudu earthquake (M 8.2), 1920 Haiyuan earthquake (M 8.5) and 1933 Diexi earthquake (M 7.5). It is therefore important to understand the process of earthquake interaction and the current status of stress accumulation for seismic hazard assessment in this region.
In this study, we simulate the stress transfer and evolution process on the MMS by integrating the effects of coseismic static stress transfer, post-seismic viscoelastic relaxation and interseismic tectonic loading. The aim of this work is to study the evolution of the Coulomb stress changes and current stress accumulation along the MMS of the East Kunlun Fault zone to illuminate how the earthquake interactions are related to the future seismic hazards.
N E O T E C T O N I C S A N D H I S T O R I C A L S E I S M I C I T Y

Historical earthquakes
It is believed that a substantial fraction of the northward motion of the Indian plate beneath Tibet is accommodated by left-lateral strike slip motion along the East Kunlun Fault (Kidd & Molnar 1988) . The differential motion of 10-20 mm yr -1 between the north and southcentral Tibet is mostly accommodated by the Kunlun Fault as a seismic slip (Lin et al. 2006) . As a result, the East Kunlun Fault and its surrounding regions have experienced strong earthquakes in the last several hundred years (Fig. 1) . Because of poor reporting of historical earthquakes, it is also possible that earlier earthquakes have occurred in this area. The first reported earthquake in our historical earthquake catalogue is the 1879 Wudu earthquake. Earthquakes reported prior to the 1879 Wudu earthquake are excluded from our at Bibliothek des Wissenschaftsparks Albert Einstein on December 7, 2015 http://gji.oxfordjournals.org/ Downloaded from Table 1 . Source parameters of earthquakes used in this study. Hou et al. 2005; 3: Deng et al. 1984; 4: Molnar & Deng 1984; 5: Wan et al. 2007; 6: Guo et al. 2007; 7 : Van der Woerd et al. 2002; 8: Molnar & Lyon-Caen 1989; 9: Zhu & Wen 2009; 10: Lasserre et al. 2005; 11: Wang et al. 2011; 12: Zhang et al. 2010; 13: Shen et al. 2009 . a Slip amplitudes of these earthquakes were estimated by assuming a locking depth of 20 km using the empirical relations of Wells & Coppersmith (1994) . b Slip distributions were given by cited references.
analysis because of unreliable estimation of earthquake parameters. The earthquakes with M < 7.0 are also excluded from this study since they can only perturb the stress field at local scales (tens of kilometres), with apparently little effects on regional scales (Freed et al. 2007) . For this the reason we have considered a total of 10 earthquakes with M ≥ 7.0 in this study (listed in Table 1 and shown in Fig. 1 ). The source parameters, including rupture lengths, slips and focal mechanism solutions of the 1920, 1937, 1947, 1963 and 1976 events, are taken from several seismological studies (Deng et al. 1984; Molnar & Deng 1984; Molnar & Lyon-Caen 1989; Van der Woerd et al. 2002; Hou et al. 2005; Guo et al. 2007; Zhu & Wen 2009 ). Empirical approaches are applied to determine the source parameters for earthquakes lacking constraints on rupture lengths, widths and slips. In the case of poorly constrained coseismic slip distributions, the earthquake rupture faults are modelled as rectangular planar patches with uniform slip. We considered the width and length of rupture and the amount of slip by estimating rupture areas with the empirical scaling laws and relationships of Wells & Coppersmith (1994) . Strike, rake and dip angles are estimated based on the fault geometry from geological observations and/or focal mechanisms of recent events on that fault. The variable slip models of 2001 Kokoxili and 2008 Wenchuan earthquakes are given by inversion results of seismic waveforms and/or coseismic geodesy observations (Lasserre et al. 2005; Shen et al. 2009; Zhang et al. 2010; Wang et al. 2011) . The source parameters associated with all 10 earthquakes, in the present analysis, are summarized in Table 1 and shown in Fig. 1. 
Fault kinematics
The kinematics of the Eastern Kunlun Fault zone have been studied by geological investigations (e.g. Van der Woerd et al. 2002; Kirby et al. 2007; Li et al. 2011) . Slip rates at sites along the eastern part of the Kunlun Fault were determined by dating deposits and measuring the top of displaced fluvial terrace risers (Li et al. 2011) . The tectonic geomorphology method (Li et al. 2011) shows that the long-term horizontal slip rates on the Maqin and Maqu segment from west to east are 9.3 ± 2 and 4.9 ± 1.3 mm a -1 , respectively, which are consistent with previous studies. Slip rates on the Maqin segment given by Van der Woerd et al. (2002) ranges from 8.9 ± 0.7 to 12.5 ± 2.5 mm a -1 , and on the Maqu segment over late Pleistocene to Holocene time decrease eastwards from 5 ± 1 to 2.0 ± 0.4 mm a -1 proposed by Kirby et al. (2007) . On the other hand, geodetic measurements (e.g. GPS) can provide another method of estimating long-term slip rates of active fault. Although the available data are sparse along much of the Kunlun fault (e.g. Maqin segment), the slip rates inferred by fault-parallel GPS velocities at the Maqu segment are no greater than 3-5 mm a -1 (Kirby et al. 2007) . Available geodetic data agree well with geological slip rates, both along the central portion of the fault and at the eastern tip. The consistency between the slip rates determined by geodetic and geological studies suggests that the present interseismic strain is comparable to its long-term motion on the eastern Kunlun Fault zone. The slip rates of the Maqin and Maqu segments used for interseismic loading calculation in this study are 9.3 and 4.9 mm a -1 , respectively.
M O D E L A N D M E T H O D S
In this study, we conducted our analysis on the basis of the CFS (Scholz 1990) , using the following expression:
where τ is the shear stress, σ N is the normal stress and μ is the apparent coefficient of friction. The change in shear stress τ is positive in the direction of slip for the following earthquake (the receiver fault); σ N is positive for increased unclamping normal stress. The equation implies that regional faults that lie in areas of positive CFS are more prone to failure, whereas faults that lie in areas of negative CFS are less prone to failure (Freed 2005) . The apparent coefficient of friction μ is conservatively set to 0.4 . We also tested the results for different values of μ to verify the stability of results. Based on the physical mechanisms of earthquake stress transfer, studies of earthquake interaction are commonly divided into static, time-dependent (e.g. viscoelastic relaxation, afterslip and poroelastic rebound) and dynamic stress transfer (Freed 2005) . Since the processes of afterslip and poroelastic rebound are proposed to be dominant only in the near-field region in the first several months after earthquake occurrences (Diao et al. 2011) , only the mechanism of viscoelastic relaxation is considered to calculate the post-seismic stress transfer. In the process of viscoelastic relaxation, high pressures and temperatures prevent rock from failing in a brittle manner at depths below approximately 15 km; instead, they flow viscoelastically in response to stress. Earthquakes occur so rapidly, however, that even these viscoelastic regions respond to coseismic stresses by at Bibliothek des Wissenschaftsparks Albert Einstein on December 7, 2015 http://gji.oxfordjournals.org/ Downloaded from elastic deformation. Following the earthquake these regions begin to relax and the stored elastic strains are transferred upward to the seismogenic upper crust, leading to time-dependant stress changes in the upper crust. Moreover, dynamic stress transfer of earthquakes by seismic wave propagation is transient, and commonly triggers seismic activities with small magnitude only over days to months (Freed 2005) . In this study, we mainly focus on the process of stress transfer over time periods of up to 129 yr in a region over 1500 km, therefore only the processes of static stress transfer and viscoelastic relaxation are considered in the calculation of earthquake-induced stress transfer.
In this study, we calculated the evolution of CFS in the MMS region by considering contributions from coseismic, post-seismic and tectonic loading since the 1879 Wudu earthquake. The influence of the earthquakes and tectonic loading before 1879 is not incorporated in analysis due to the lack of reliable information. The aim of the study is to provide useful information for seismic hazard assessment in this region by investigating the process of stress evolution on the MMS since the 1879 earthquake. Therefore, for the present calculation, the evolving stress level in the region is assumed to be zero or stable prior to the 1897 earthquake. We used the model of dislocation sources embedded in a mixed elastic/viscoelastic layered half-space (Wang et al. 2003 to calculate the earthquakeinduced stress transfer (co-and post-seismic). We employed the program PSGRN/PSCMP , by which surface and subsurface deformation due to earthquake sources in a multilayered viscoelastic-gravitational half-space can be determined.
The parameters of the layered lithospheric model, used in this study, are summarized in Fig. 2 . The thickness of crustal layers, density and Vp distributions are adopted from previous seismic studies carried out by Li et al. (2006) . At the northeastern edge of the Tibet, results of wide-angle seismic reflection and refraction experiment indicate that the depth of the Moho is about 48-51 km and the crust is slightly thicker in the south. The simple layered earth model adopted here should be appropriate for our stress calculation since the structures in various tectonic blocks vary only slightly in this region.
We use the linear Maxwell rheology to simulate viscoelastic effect over decade-to-century time scales rather than other complex models (Pollitz et al. 2001; Ryder et al. 2007 ). For post-seismic relaxation calculations, we assume viscosity is 1 × 10 20 Pa·s for the mantle and 1 × 10 18 Pa·s for the lower crust based on the results of geodesy post-seismic observation (Ryder et al. 2007; Shao et al. 2008) . Although the constant effective viscosity is an approximation and will tend to underestimate the post-seismic strain rate and the stress changes in the early post-seismic period since it does not change the fully relaxed state (Freed et al. 2007) , considering that most post-seismic relaxation processes associated with historical earthquakes are either completed or nearly completed at present, the use of the linear viscosity should not strongly affect the estimate of stress changes induced by the post-seismic relaxation. To verify our assumption, we also tested results with other viscosity values.
We modelled the tectonic stress loading following a procedure outlined by Lorenzo-Martín et al. (2006) . The tectonic stress loading was realized by a steady slip over the depth range 20-100 km, and the deep dislocation technique proposed by Savage (1983) . In the deep dislocation model, the upper crust is considered as a locked layer without slip. The middle and lower crust are treated as a ductile transitional zone, in which the slip increases from zero at its top (20 km) to its full magnitude at its bottom (50 km). Although the deep location model is widely selected to simulate the interseismic tectonic loading, it is very simple and has some limitations (Shan Zhang et al. 2008) . The average values model (MDL) represented by the thick line has been applied for our calculation. Vp is the velocity of P wave. ρ is the rock density, and η is viscosity (η LC , viscosity of lower crustal; η M , mantle viscosity). η LC and η M are set to be 1 × 10 18 and 1 ×10 20 Pa·s, respectively. et al. 2013) . For example, the model given by Savage (1983) assumes slip in semi-infinite space, which requires extending the dislocations to at least 1000 km depth to avoid decay of velocities back to zero at lager distances. Therefore, the rate of interseismic tectonic loading would be underestimated based on the 100 km extent of deep-slip dislocation adopted in this study. Moreover, the sharp termination at 100 km depth may be inconsistent with the large-scale interseismic GPS velocities, and the linear tapering of deep-slip in the lower crust and upper mantle is a simple approximation which may produce additional uncertainty, but we think that the fine distribution of the deep-slip at depth as large as 100 km should not substantially modify the stress loading in the upper crust.
N U M E R I C A L R E S U LT S
Stress transfer and accumulation on the MMS
In our numerical simulation, we considered strike, dip and rake of receiver fault as 295
• , 80
• and 0
• , respectively, keeping in mind that the strike and dip of the Maqin and Maqu segment are about 280
• -310
• and 70
• -80
• , respectively, and the motion of this active at Bibliothek des Wissenschaftsparks Albert Einstein on December 7, 2015
http://gji.oxfordjournals.org/ Downloaded from fault is mainly related to left-lateral strike slip (Li et al. 2011) . We calculated the stress evolution and accumulation on the MMS along the East Kunlun Fault zone during 1879-2008 (Fig. 3) . The focal depths of most earthquakes which have occurred in this region fall in 10-20 km depth range, and the maximum ruptures of 2001 Kokoxili (Lasserre et al. 2005) and 2008 Wenchuan earthquakes ) are shallower than 20 km depth. Since the MMS is dominated by the vertical left-lateral strike-slip motion, and most earthquakes in our sequence are within strike-slip type (Fig. 1) , the patterns of stress changes should be quite similar at different depths. Therefore, the 10 km depth is assumed to be the reference depth for our calculation. Fig. 3(a) shows the steady tectonic loading on middle-east part of the Kunlun Fault in a period of 100 yr based on the theory of deepslip. The slip rates on the Tuosuo Lake, Maqin and Maqu segments of the East Kunlun Fault zone were estimated as 11.2, 9.3 and 4.9 mm yr -1 , respectively by Li et al. (2011) . The tectonic loading process along Tazang segment may be relatively slow than Maqu segment as we observe that the slip rate is less than 1 mm yr -1 since Early Holocene. The influence from the eastern end of the Kunlun Fault is not considered in this study. Fig. 3(a) shows that the process of steady tectonic loading causes the Coulomb failure stress accumulation of 0.2-0.3 and 0.02-0.05 MPa on the Maqin and Maqu segment over the 100 yr period, respectively.
The 1879 Wudu earthquake, first event in our historical catalogue, is located on the northeastern side of the East Kunlun Fault. The coseismic static stress changes induced by the Wudu earthquake consists of about 0.01-0.02 MPa of stress accumulation towards the eastern part of Maqu segment (Table 2 , Fig. 3b and the red dash line in Fig. 5 ). During the 1879-1920 period, the CFS increment raises to 0.02-0.04 MPa on the Maqin segment and 0.04-0.13 MPa on the Maqu segment before the occurrence of 1920 Haiyuan earthquake due to the time-dependent process of viscoelastic relaxation. It is observed that the increment in CFS on the eastern part of both Maqin and Maqu segments is higher than that of the western part. The influence of the stress accumulation from the Haiyuan earthquake on the MMS is rather small, although the magnitude of 1920 Haiyuan earthquake is rather high (M8.5), but the distance between the Haiyuan earthquake and the East Kunlun Fault is larger than 700 km (Fig. 3c) . A similar pattern is also observed for the 1933 Diexi, 1963 Alake Lake earthquake, 1976 Songpan and 2001 Kokoxili earthquakes (Figs 3d, g, h and i) . The rupture of 1937 Tuosuo Lake earthquake is located towards the western side of Maqin segment. The occurrence of Tuosuo Lake earthquake released the stress accumulation on the segment of Tuosuo Lake. The released stress migrated towards the east and raised the stress by 0.28 MPa over a distance of 100 km on the eastern part of Maqin segment (Fig. 3e) . The 1947 Dari earthquake is located towards southwest of the MMS. This earthquake is essentially a thrust event with a left-lateral strikeslip component. The rupture plane of the Dari earthquake is almost parallel to the strike direction of the East Kunlun Fault zone. From Fig. 3(f) , it is observed that the stress accumulation on the western part of the Maqin segment is released by the Dari earthquake with 0.06 MPa. During the process of post-seismic vsicoelastic relaxation, the stress accumulation towards the eastern part of the Maqin segment is continuously increased by the 1937 Tuosuo Lake earthquake, while the stress accumulation towards the western part of the Maqin segment and the eastern part of the Maqu segment is continuously decreased by the 1947 Dari earthquake. Therefore, the state of stress on the MMS shows a profile of high stress accumulation towards both ends with low accumulation in the middle. The stress accumulation on the MMS is slightly influenced (less than 0.01 MPa) by the stress transfer caused by the 2008 Wenchuan earthquake (Fig. 3j) . However the effect of time-dependent viscoelastic relaxation results in the stress accumulation on the MMS, which we predict will increase by more than 0.05 MPa in the next 50 yr towards the eastern part of Maqu segment, as shown by grey solid line in Fig. 5 .
In this study, we considered the contributions of different processes: the steady tectonic loading, coseismic static stress transfer and post-seismic viscoelastic relaxation. The calculated stress accumulation by these processes on the MMS of eastern Kunlun Fault during the period of 1879-2008 is shown in Fig. 4 . Since the 1879 Wudu earthquake, the process of steady tectonic loading in 137 yr raises about 0.3 MPa of Coulomb stress on the Maqin segment, while the process of coseismic static stress transfer leads to 0.25 MPa stress increment on its eastern part and 0.06 MPa on its western part. The process of post-seismic viscoelastic relaxation raises the stress loading of 0.12 MPa on the eastern part of the Maqin segment, and releases 0.1 MPa on its western part. The contributions from the processes of coseismic static stress transfer and post-seismic viscoelastic relaxation are similar on the Maqin segment, but the process of post-seismic viscoelasticity plays a more important role for the Maqu segment. The tectonic loading on the Maqu segment is about 0.02-0.2 MPa, and decreases from west to east. The coseismic stress increase on the Maqu segment is 0.01-0.03 MPa, and the post-seismic stress increase is more than 0.2 MPa which is about 10 times more than the coseismic stress changes. The stress accumulation on the Maqin segment is mainly influenced by the 1937 Tuosuo Lake earthquake and the 1947 Dari earthquake. The rupture of Tuosuo Lake earthquake is towards western part of the Maqin segment while the Dari earthquake rupture is about 150 km south of this segment. Meanwhile, stress accumulation on the Maqu segment is mainly controlled by the 1870 Wudu earthquake and 2008 Wenchuan earthquake, even though both earthquakes are located more than 200 km away from the eastern end of the Maqu segment. Therefore, the process of post-seismic viscoelastic relaxation plays a dominant role in far-field stress transfer. 
Stress accumulation and seismic hazard on the MMS
According to Li et al. (2005) and Li et al. (2011) , it is observed that at least 7 palaeoearthquakes have been occurred on the Maqin segment since the Early Holocene. Li et al. (2011) suggested that the recurrence period of earthquakes on the Maqin segment is about 600 ± 100 yr, and the latest earthquake in this region occurred 514-534 yr ago. From Fig. 5 , it is observed that the earthquakeinduced (co-and post-seismic) stress increase on the east extremity of Maqin segment is larger than 0.4 MPa (the black solid line) until 2008, and the steady tectonic loading during the 129 years is about 0.32 MPa. The stress increase of 0.4 MPa is approximately equal to the tectonic loading of 160 yr. Based on the recurrence period of earthquake (600 ± 100 yr) and date of the most recent event (more than 500 yr ago) at the Maqin segment, it is observed that the process of earthquake-induced stress transfer further raises the stress accumulation on this segment, and will bring it closer to rupture in about 160 yr. Therefore, we expect that the Maqin segment of the East Kunlun Fault has a high probability of a large earthquake in near future. Li et al. (2011) also found 7 palaeoearthquakes on the Maqu segment based on the results of sampling measurement of soil layer and the trench profile at west of the Maqu segment. In these seven earthquakes, time intervals among latest three events are about 1000 yr, and the latest one have occurred about 1055-1524 yr ago. Fig. 5 shows that the steady tectonic loading on the western part of Maqu segment is higher than its eastern part, while the earthquake-induced stress accumulation on its eastern part is higher than the western part. The tectonic loading in past 129 yr is calculated about 0.16 MPa at the western extremity of Maqu segment where the earthquake-induced stress is closed to 0 MPa and may not have obvious triggering process. On the east extremity of the Maqu segment, the interseismic tectonic loading and earthquakeinduced accumulations of stress are calculated to be about 0.02 and 0.18 MPa, respectively. The stress increase caused by co-and postseismic stress transfer may bring the eastern part of Maqu segment about 1100 yr closer to rupture. However, the tectonic loading rate at eastern extremity of the Maqu segment is rather slow and the absolute magnitude of tectonic stress field may be low. It is difficult to estimate the current seismic hazard in this region. Therefore, we considered only the average value of tectonic loading (0.05 MPa) and earthquake-induced stress increase (0.1 MPa). The process of co-and post-seismic stress transfer will bring the Maqu segment closer to failure of 250 yr. Considering the recurrence time and the latest event, the forthcoming event may occur in 0-274 yr.
Stability of results
In this subsection, we have estimated the influences caused by the uncertainty in parameters used in the numerical models. Using different effective coefficients of friction and viscosities of lower crust, we calculated the earthquake-induced stress accumulation just immediately after the Wenchuan earthquake. The numerical results are shown in Fig. 6 .
Coefficient of friction
The choice of an appropriate value for the effective coefficient of friction (μ ) is of moderate importance for the model , because it modulates only the contribution of the normal stress to the CFS. Usually, the coefficient μ varies with the types of faults. For instance, high values (0.6-0.8) for thrust and normal faults, while a lower values (0.2-0.4) for strike slip faults (Xiong et al. 2010) . As in the previous sections, a moderate value of 0.4 is chosen for the numerical calculations.
Our numerical tests show that some changes can be observed in the calculated stress field for different values of μ (Fig. 6a) . It is observed that the numerical results are rather stable for different effective coefficients of friction towards the western part of the Maqin segment. This implies that the normal stress changes in this region are almost equal to zero and the CFS changes are mainly controlled by the shear stress changes. In the middle part of the MMS, a small CFS increment is obtained for larger values of μ . In this region, the normal stress increases the clamping normal stress, which depresses the earthquake occurrences. On the eastern part of Maqu segment, the higher CFS increment is obtained for larger values of μ . The normal stress increases the unclamping normal stress, and takes this segment closer to failure. However, the pattern of stress accumulation on the MMS is quite stable for the selection of a different effective coefficient of friction. The influence of the friction coefficient is relatively small, and has little impact on our conclusion compared with the uncertainties in the slip distribution of historical earthquakes.
Viscosity
Since viscoelastic relaxation is introduced in the calculation, the viscosities of the lower crust and upper mantle are importance for calculating the time-dependent stress field. In this study, we have chosen viscosities consistent with results published from studies on post-seismic deformation (Ryder et al. 2007; Shao et al. 2008) . The viscosities of the crust and upper mantle are not well constrained due to lack of continuous observation of post-seismic deformation in the studied area. Therefore, we tried to choose different viscosity values to test the stability of the results (Fig. 6b) .
We fixed the viscosity of upper mantle (ρ m ) at 10 20 Pa·s and tested current stress status on the MMS by varying the viscosity of the lower crust (ρ c ). The numerical results show that the choice of lower viscosity leads to the higher stress accumulation towards both ends of the MMS. It is due to the fact that lower value of viscosity makes the process of post-seismic viscoelastic relaxation more rapid. A similar result is observed for ρ c = 10 16 and ρ c = 10 17 Pa·s (Fig. 6b) implying that the stored stress in lower crust will be completely released if the viscosities are less than 10 17 Pa·s. In the lower crust and upper mantle, the high pressure and temperature prevent rocks from failure in a brittle manner. A viscoelastic flow is induced by the coseismic stress change following the coseismic elastic deformation (Kirby & Kronenberg 1987; Freed 2005) . The stored elastic strain is transferred upward to the seismogenic upper crust due to the viscoelastic relaxation leading to increased stresses in a wider distance range (Freed 2005) . The speed of the stress transfer is mainly controlled by the viscosity of the lower crust i.e. smaller the viscosity, faster the transfer speed. When fixing ρ m as 10 20 Pa·s, our numerical results show stability for ρ c smaller than 10 18 Pa·s that corresponds to the characteristic relaxation time less than a few years. This indicates that the stored elastic strain in lower crust and upper mantle might be completely relaxed during the interseismic transfer process if ρ c ∼10 18 Pa·s or less. A viscosity value considerably higher than 10 19 Pa·s for the lower crust is not supported by geodetic observations of the post-seismic deformation. Therefore, we conclude that the uncertainties in viscosity of lower crust and upper mantle do not significantly influence the numerical results presented in this study.
D I S C U S S I O N A N D C O N C L U D I N G R E M A R K S
Considering the effects of coseismic static stress transfer, postseismic viscoelastic relaxation and interseismic steady tectonic loading, we calculated the process of stress evolution and accumulation on the MMS of the East Kunlun Fault zone during the period of 1879-2008. The numerical results show that the current stress accumulation on the two ends of MMS, which is caused by the process of earthquake-induced (co-and post-seismic) stress transfer, is higher than the stress accumulation on the middle part of MMS. The current state of stress on the MMS is mainly influenced by the 1879 Wudu earthquake, 1937 Tuosuo Lake earthquake, 1947 Dari earthquake and 2008 Wenchuan earthquake. The stress accumulation on western part of the Maqin segment is increased by the 1937 Tuosuo Lake earthquake, while the stress accumulation on eastern part of the Maqu segment is mainly increased by the 1879 Wudu and 2008 Wenchuan earthquakes. The 1947 Dari earthquake released the stress loading on the eastern part of Maqin segment and western part of the Maqu segment. The processes of coseismic and post-seismic stress transfer make the similar contribution to the stress accumulation on the Maqin segment. On the other hand, the post-seismic viscoelastic relaxation process is more important in the stress transfer and accumulation following large earthquakes on the Maqu segment.
The earthquake-induced increase in Coulomb failure stress on the Maqin segment and Maqu segment of East Kunlun Fault will bring these two segments 160 and 250 yr closer to failure, respectively, and encourage the occurrences of earthquake on the MMS in future. Since the recurrence periods of earthquakes on the Maqin and Maqu segment are 600 ± 100 and ∼1000 yr, respectively, and the latest historical earthquake on these two segments have occurred 514-534 and 1055-1524 yr ago. Therefore, next earthquakes on Maqin and Maqu segment may occur in 0-26 and 0-274 yr, respectively. However, the rate of tectonic loading here may be underestimated due to the assumption of 100 km extending depth, while presenting the increment of CFS in terms of 'clock advance', the encouragement caused by the earthquake-induced stress changes may be overestimated. In any case, considering their tectonic background and the earthquake-induced stress increment, the Maqin and Maqu segment may experience their earthquake cycle on the later periods. Since the regions around these segments are highly populated along the East Kunlun Fault zone, the seismic hazard in these areas is elevated.
Although our analysis incorporates the co-and post-seismic stress changes, it is still suffered from some limitations like, local effects produced by the oversimplified fault geometry and uniform slip distribution. Nevertheless, our results provide a quantitative view of the process of stress evolution and accumulation on the MMS of the East Kunlun Fault zone.
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